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[Claim(s)] 

[Claim 1] The manufacture approach of the semiconductor laser characterized by 
irradiating the ultrashort pulse laser beam of transparent wavelength to said 
oxide single crystal substrate at least, performing a laser scribe to said layered 
product substrate, and carrying out cleavage of said layered product substrate in 
the direction perpendicular to said stripe at least along with said laser scribe 
marks to the layered product substrate which consists of an oxide single crystal 
substrate and compound semiconductor laminated material which has a stripe- 
like luminescence field. 

[Claim 2] Said ultrashort pulse laser beam is the manufacture approach of the 
semiconductor laser according to claim 1 characterized by said thing [ carrying 
out a laser scribe ] from said compound semiconductor laminated material layer 
front face whose plane of incidence of said ultrashort pulse laser beam it 
irradiates from said oxide single crystal substrate side, and is an opposite side. 
[Claim 3] Said laser scribe by the exposure of said ultrashort pulse laser beam is 
the manufacture approach of the semiconductor laser according to claim 1 or 2 
characterized by being a laser scribe inside said layered product substrate. 
[Claim 4] Said laser scribe by the exposure of said ultrashort pulse laser beam is 
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the manufacture approach of semiconductor laser given in either of claims 1-3 
characterized by consisting of the 1st laser scribe which carries out the scribe of 
said oxide single crystal substrate, and the 2nd laser scribe which carries out a 
scribe ranging over said compound semiconductor layered product object and 
said oxide single crystal substrate. 

[Claim 5] The polarization direction of said ultrashort pulse laser beam is the 
manufacture approach of semiconductor laser given in either of claims 1-4 
characterized by being the parallel linearly polarized light to said direction of a 
laser scribe. 

[Claim 6] The condensing spot to said layered product substrate of said ultrashort 
pulse laser beam is the manufacture approach of semiconductor laser given in 
either of claims 1-5 characterized by being large in an parallel direction 
compared with a direction perpendicular to said direction of a laser scribe. 
[Claim 7] The depth of focus of the condensing spot to said layered product 
substrate of said ultrashort pulse laser beam is the manufacture approach of 
semiconductor laser given in either of claims 1-6 characterized by being below 
the thickness of said layered product substrate. 

[Claim 8] The pulse width of said ultrashort pulse laser beam is the manufacture 
approach of semiconductor laser given in either of claims 1-7 characterized by 
being ten or less picoseconds. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the semiconductor 
laser manufacture approach for obtaining a good resonator about the 
manufacture approach of semiconductor laser in the layered product substrate 
which consists of an oxide single crystal substrate and compound semiconductor 
laminated material which has a stripe-like luminescence field. 
[0002] 

[Description of the Prior Art] As the scribe approach for carrying out cleavage of 
the layered product substrate which consists of an oxide single crystal substrate 
and compound semiconductor laminated material which has a stripe-like 
luminescence field conventionally, approaches, such as a diamond scribe, dicing, 
etching, and a laser scribe, are used. Among these, a diamond scribe is the 
approach of applying and carrying out cleavage of the force of the direction of a 
layered product substrate to a cutting edge in the condition of the diamond point 
having performed grooving processing on the front reverse side of a layered 
product substrate, and having made the cutting edge for braking contacting the 
whole surface of a slot after that. Dicing is the approach of being carrying out 
grooving processing and performing cleavage of a layered product substrate to a 



•1 

m 

layered product substrate using a diamond wheel. Etching is the approach of 
performing grooving processing to compound semiconductor laminated material, 
and performing cleavage of a layered product substrate by dry etching method 
like for example, the ion milling method using the reactivity of an etching 
ingredient and the ingredient which constitutes compound semiconductor 
laminated material. The 3rd 4th higher-harmonic light of an YAG laser which is 
the excimer laser light and infrared light which are the carbon-dioxide-gas-laser 
light and ultraviolet radiation which are the same approach as a diamond scribe 
fundamentally, for example, are far-infrared light was irradiated at the layered 
product substrate, and the laser scribe was also performing grooving processing 
to the layered product substrate. The laser scribe method using a laser beam is 
indicated by the JP,1 0-321 908.A specification. 

[0003] Hereafter, the separation approach of the nitride system compound 
semiconductor indicated by the JP, 10-32 1908, A specification with reference to 
drawing 6 is explained. By this approach, the semi-conductor wafer 100 with 
which the nitride system compound semiconductor 101 was formed beforehand 
is prepared. The buffer layer which this semi-conductor wafer 100 made form 
GaN at low temperature on silicon on sapphire 102 is formed. One by one, it is 
the semi-conductor wafer 100 of the diameter of 2 inch in which form GaN in as 
an N type contact layer, and GaN was made to form as AIGaN and a P type 
contact layer as InGaN of a non dope, and a P type cladding layer as a barrier 
layer. In addition, partial etching of a non-** Fig. is performed to a semi-conductor, 
and P type and an N-type semiconductor are exposed, respectively. The 
electrode is formed in the exposed semi-conductor front face, and after 
separation is formed so that it may function as a light emitting device. Moreover, 
it is etched to semiconductor junction along the slot by which laser radiation is 
carried out ( drawing 6 (a)). Such a semi-conductor wafer 100 is placed in a fixed 
position on an X-Y stage. Making excimer laser irradiate, the semi-conductor 
wafer 100 is moved to the X-axis and Y shaft orientations, respectively, and the 
1st slot 103 is made to form in all directions. The 1st formed slot 103 is an 
inverse triangle configuration whose opening it is formed from a semi-conductor 
front-face side to a part of silicon on sapphire, and is about 40 micrometers of 
width ( drawing 1 (b)). Next, the cutting edge of dicing is applied to the 1st slot 
formed of laser radiation, the cutting edge of dicing is run along the 1st slot, and 
the 2nd slot 104 is made to form ( drawing 1 (c)). Then, it is made to dissociate 
every semiconductor chip 105 by applying a pressure with a roller, pushing and 
dividing from a silicon-on-sapphire side, along the 2nd slot 104, ( drawing 1 (d)). 
Thereby, the appearance of each semiconductor chip can form an equal 
semiconductor device. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the laser scribe method, 
to an oxide single crystal substrate and compound semiconductor laminated 
material, it was opaque, and the semi-conductor was separated using the laser 
beam which is wavelength with absorption, and there were the following 
problems among the Prior arts mentioned above fundamentally. This laser beam 
was the excimer laser light of the carbon-dioxide-gas-laser light of far-infrared 
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light, or ultraviolet radiation, and the 3rd 4th higher-harmonic light of an YAG 
laser, and that light wave form made the continuous wave or the long pulse wave 
of several ten or more picoseconds irradiate it, and it was performing grooving 
processing to the layered product substrate. Absorption of the laser beam in this 
case takes place with the optical frequency below the phonon oscillating band of 
an ingredient, and takes place with the photon energy more than the energy 
band of an ingredient by the short wavelength side at a long wavelength side. 
Only near the ingredient incidence front face of a laser beam, this phenomenon 
is changed into a cause to picosecond order, and the absorbed light energy is 
transformed into the heat energy of an ingredient. However, since the irradiation 
time of a laser beam, i.e., the heat impregnation time amount to an ingredient, is 
long time amount compared with the thermal diffusion rate of a layered product 
substrate ingredient, the temperature rise in the condensing spot field in which 
light energy is absorbed is difference with the amount of thermal diffusion, and 
the thermal diffusion to the outside of a condensing spot causes a surrounding 
temperature rise. For this reason, it is very difficult to obtain the cleavage plane 
used as a desired optical resonator because make the perimeter of a condensing 
spot generate defects, such as a crack and a chipping, and this temperature rise 
changes the property of compound semiconductor laminated material, and there 
was a problem to which the product yield of semiconductor laser worsens. 
[0005] This invention aims at offering the manufacture approach of the 
semiconductor laser which can solve such a conventional problem, can control 
generating of defects, such as a crack in the laser scribe method, and a chipping, 
and can obtain the optical resonator which is a cleavage plane good [ without 
changing the property of compound semiconductor laminated material ], as a 
result can raise a product yield. 
[0006] 

[Means for Solving the Problem] In order to solve this technical problem, to the 
layered product substrate which consists of an oxide single crystal substrate and 
compound semiconductor laminated material which has a stripe-like 
luminescence field, this invention irradiates the ultrashort pulse laser beam of 
transparent wavelength to an oxide single crystal substrate at least, performs a 
laser scribe to a layered product substrate, and is made to carry out cleavage of 
the layered product substrate in the direction perpendicular to that stripe at least 
along with these laser scribe marks. By this, generating of defects, such as a 
crack by the laser scribe and a chipping, can be controlled, and the optical 
resonator which is a cleavage plane good [ without changing the property of 
compound semiconductor laminated material ] can be obtained, as a result a 
product yield can be improved. 
[0007] 

[Embodiment of the Invention] As opposed to the layered product substrate with 
which invention of this invention according to claim 1 consists of an oxide single 
crystal substrate and compound semiconductor laminated material which has a 
stripe-like luminescence field In the direction perpendicular to said stripe at least, 
irradiate the ultrashort pulse laser beam of transparent wavelength to said oxide 
single crystal substrate at least, and a laser scribe is performed to said layered 
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product substrate. It is the manufacture approach of the semiconductor laser 
characterized by carrying out cleavage of said layered product substrate along 
with said laser scribe marks. Since the scribe which does not have defects, such 
as a crack and a chipping, by this becomes possible and there is also no 
property change of the compound semiconductor laminated material at the time 
of a scribe, by carrying out cleavage of the layered product substrate along with 
these scribe marks The optical resonator which is a good cleavage plane is 
obtained, and it has an operation of becoming possible to improve a product yield. 
[0008] Said ultrashort pulse laser beam is irradiated to invention of this invention 
according to claim 2 from said oxide single crystal substrate side, and it has an 
operation of enabling the removal object which the plane of incidence of said 
ultrashort pulse laser beam is the manufacture approach of the semiconductor 
laser according to claim 1 characterized by said thing [ carrying out a laser 
scribe ] from said compound semiconductor laminated material layer front face 
which is an opposite side, and carries out generating scattering by this at the 
time of a scribe to prevent the property fall of the semiconductor laser by carrying 
out the reattachment to compound semiconductor laminated material. 
[0009] Said laser scribe according [ invention of this invention according to claim 
3 ] to the exposure of said ultrashort pulse laser beam is the manufacture 
approach of the semiconductor laser according to claim 1 or 2 characterized by 
to be a laser scribe inside said layered product substrate, and it becomes 
possible to lose scattering of the removal object generated by this at the time of a 
scribe, and it has an operation of becoming possible to prevent the property fall 
of the semiconductor laser by the thing to the compound semiconductor 
laminated material of a removal object to do for the reattachment. 
[0010] Said laser scribe by the exposure of said ultrashort pulse laser beam 
invention of this invention according to claim 4 The 1st laser scribe which carries 
out the scribe of said oxide single crystal substrate, It is the manufacture 
approach of semiconductor laser given in either of claims 1-3 characterized by 
consisting of the 2nd laser scribe which carries out a scribe ranging over said 
compound semiconductor layered product object and said oxide single crystal 
substrate. It has an operation that the improvement in the location precision at 
the time of carrying out cleavage of a layered product substrate by this and the 
cleavability of an oxide single crystal substrate improve. 
[001 1] Invention of this invention according to claim 5 has an operation that the 
improvement in location precision at the time of the polarization direction of said 
ultrashort pulse laser beam being the manufacture approach of semiconductor 
laser given in either of claims 1-4 characterized by being the parallel linearly 
polarized light to said direction of a laser scribe, and carrying out cleavage of a 
layered product substrate by this and upgrading of a cleavage plane are obtained. 
[0012] Compared with the direction where the condensing spot to said layered 
product substrate of said ultrashort pulse laser beam is perpendicular to said 
direction of a laser scribe, improvement in the working speed at the time of being 
the manufacture approach of the semiconductor laser a publication and carrying 
out a laser scribe to either of claims 1-5 characterized by being large in an 
parallel direction by this is achieved, and invention of this invention according to 



claim 6 has an operation that improvement in productivity is obtained. 
[0013] Invention of this invention according to claim 7 is the manufacture 
approach of semiconductor laser given in either of claims 1-6 characterized by 
the depth of focus of the condensing spot to said layered product substrate of 
said ultrashort pulse laser beam being below the thickness of said layered 
product substrate, and has an operation that improvement in the processing 
location precision of the layered product substrate thickness direction is obtained 
by this. 

[0014] In either of claims 1-7 characterized by the pulse width of said ultrashort 
pulse laser beam being ten or less picoseconds, invention of this invention 
according to claim 8 is the manufacture approach of the semiconductor laser a 
publication, and has an operation of being easy to reduce the temperature rise by 
the thermal diffusion in the outside of the ultrashort pulse laser beam exposure 
spot of a layered product substrate by this. 

[0015] Hereafter, a drawing is used and explained to operation of this invention 
about a gestalt. (Gestalt 1 of operation) Drawing 1 shows the structure of the 
layered product substrate in the gestalt 1 of operation of this invention. It is the 
sectional view of a layered product substrate, and 1 is an oxide single crystal 
substrate, for example, drawing 1 (a) is silicon on sapphire. 2 -- a buffer layer and 
3 for a barrier layer and 6, as for p mold contact layer and 8, p mold cladding 
layer and 7 are [ n mold contact layer and 4 / n mold cladding layer and 5 / p 
lateral electrode and 9 ] n lateral electrodes, and the compound semiconductor 
laminated material 10 is constituted by these [ 2-9 ]. The compound 
semiconductor laminated material 10 has a stripe-like configuration like drawing 
1 (b), consists of nitride system groups lll-V semiconducter, such as GaN, AIGaN, 
and GalnN, and includes pn junction. 

[0016] Drawing 1 (b) is drawing which looked at the layered product substrate 
which has the cross section of drawing 1 (a) from the compound semiconductor 
laminated material 10 side. When it sees from this direction, the p lateral 
electrode 8, the n lateral electrode 9, and the n side contact layer 3 can be seen, 
and the p lateral electrode 8 and the n lateral electrode 9 constitute a stripe-like 
configuration. The scribe for cleavage is formed in the directions 11a and 1 1 b 
perpendicular to a stripe configuration, by carrying out cleavage along with this 
scribe, a good cleavage plane is formed in n mold cladding layer 4 and p mold 
cladding layer 6 focusing on a barrier layer 5 at least, and the Fabry-Perot optical 
resonator is formed among both cleavage planes. Then, the scribe for cleavage 
is formed in the directions 12a and 12b parallel to a stripe configuration, and a 
semiconductor laser component is obtained by carrying out cleavage along with 
this scribe. Drawing 1 (a) is the sectional view which looked at the obtained 
semiconductor laser component from the direction of direction 11a perpendicular 
to a stripe configuration, or 1 1b. 

[0017] The nitride system group lll-V semiconducter who illustrated as compound 
semiconductor laminated material 10 is hexagonal structure, and the direction 
with the cleavability of this perpendicular to the c-th page is a field (1 1-20) or (1- 
100) a field. Moreover, although the illustrated silicon on sapphire which is the 
oxide single crystal substrate 1 is also hexagonal structure, the field which shows 



strong cleavability does not exist. The laminating of the compound 
semiconductor laminated material 10 is carried out one by one on the oxide 
single crystal substrate 1 for example, by the MOCVD method, and it is 
structured. For lattice constant adjustment with the compound semiconductor 
laminated material 10 which consists of a nitride system group Ill-V 
semiconducter who illustrated, although the oxide single crystal substrate 1 does 
not have strong cleavability, silicon on sapphire is chosen. At this time, the 
direction which has the cleavability of the compound semiconductor laminated 
material 10 on the c-th page of silicon on sapphire is constituted so that it may be 
in agreement with a direction perpendicular to the stripe configuration of the 
compound semiconductor laminated material 10. 

[0018] The oxide single crystal substrate 1 which is silicon on sapphire illustrated 
with the gestalt 1 of this operation, and the nitride system group lll-V 
semiconducter who constitutes the compound semiconductor laminated material 
10 have very high Mohs hardness. For this reason, high quality was required also 
of the scribe for obtaining a good cleavage plane, and in the diamond scrubber 
which is a contact method, or dicing, the crack and chipping which are generated 
in the case of a scribe became a trigger, and a good cleavage plane was not 
obtained but it had become fall factors, such as a product yield of a 
semiconductor laser component, and quality, a life. On the other hand, neither in 
a continuous wave exposure on the wavelength to which laser scribing which is a 
non-contact method also has absorption in the conventional substrate, nor the 
exposure of the long pulse wave more than a nanosecond, the crack and 
chipping resulting from a temperature rise became a trigger by thermal diffusion 
other than an exposure field, and a good cleavage plane was obtained. Moreover, 
a crack and a chipping become the factor which increases transition resulting 
from the temperature rise after the compound semiconductor laminated material 
10, change the property of a compound semiconductor 10 and become quality 
and the fall factor of a life. 

[0019] Drawing 2 is the outline block diagram of the laser scribe equipment by 
ultrashort pulse laser. For a pulse energy attenuator and 23, as for a laser beam 
beam condensing unit and 25, a laser beam transducer and 24 are [ 21 / an 
ultrashort pulse laser oscillation machine and 22 / a layered product substrate 
and 26 ] substrate maintenance migration devices. An excited medium is a solid- 
state medium which has Cr3+ which is transition-metals ion, Ti3+, Cr4+, Nd3+ 
that is rare earth ion, Yb3+, Ho3+, and Er3+, and the ultrashort pulse laser 
oscillation machine 21 is oscillated from the mode-locking-ized optical resonator 
which has a distributed compensation component. The pulse frequency of this 
optical oscillator is several 10MHz, and depending on the case, since it is not 
sufficient pulse energy for a laser scribe, it is amplified by a regenerative 
amplifier and the multistage amplifier with a pulse elongation compressor. Since 
pulse shape is a sech wave, when the same pulse energy compares it, it is a 
pulse which has high peak light reinforcement 

[0020] The ultrashort pulse laser beam oscillated from the ultrashort pulse laser 
oscillation machine 21 is decreased to the pulse energy which was suitable for 
the laser scribe with the pulse energy attenuator 22 if needed. Specifically, a 
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wavelength plate is decreased according to the device combined two or more 
sheets using polarization of ultrashort pulse light. Furthermore, the spatial 
distribution and the polarization condition of an ultrashort pulse laser beam are 
changed by the laser beam converter 23 if needed. Spatial distribution is 
changed with a lens, or a lens group and a mask, for example, specifically, a 
polarization condition is changed with a wavelength plate. Thus, the changed 
ultrashort pulse laser beam 31 is condensed by the laser beam beam 
condensing unit 24. Specifically, they are reflective molds, such as a single lens, 
a transparency mold called a lens group, the spherical surface or a paraboloid, 
and an aspherical mirror. A condensing spot size is decided by the angle of 
divergence and focal distance which are generated at the time of the magnitude 
of the ultrashort pulse laser beam which carries out incidence, and propagation, 
and the depth of focus which is the breadth distance in the propagation of the 
spot size is decided by wavelength, condensing spot size, or a focal distance, 
wavelength and the incidence size to a beam condensing unit 24. The layered 
product substrate 25 which consists of an oxide single crystal substrate and 
compound semiconductor laminated material is held at the substrate 
maintenance migration device 26, and the substrate maintenance migration 
device 26 is equipped with the migration device for example, by the XYZ stage. 
By the above, the ultrashort pulse laser beam 31 is irradiated by the layered 
product substrate 25, and performs a laser scribe. 

[0021] Next, the laser scribe device to the layered product substrate 25 of an 
ultrashort pulse laser beam is explained. Light energy is absorbed with the free 
electron in the metal matter, and the interaction with the metal matter of an 
ultrashort pulse laser beam is emitted as a phonon to picosecond order, is 
changed to a solid-state system, becomes the temperature rise of the metal 
matter as heat, and can start and carry out the scribe of evaporation and the 
evaporation above a certain temperature. Moreover, in a dielectric, it ionizes 
according to the multiple-photon-absorption process in which it depends on peak 
light reinforcement for the bound electron bound to the valence band, a free 
electron is generated, and a scribe can be carried out according to the same 
process as the metal matter. The thermal diffusion length in the inside of the 
matter is decided by irradiation time of the thermal diffusivity called for with 
thermal conductivity, a consistency, and heat capacity, and pulse laser light. That 
is, the thermal diffusion to a perimeter can be controlled, so that it is short laser 
pulsed light, and they are ten or less picoseconds preferably. A previous multiple- 
photon-absorption process is a phenomenon depending on the peak light 
reinforcement. That is, also in a transparent ingredient, a scribe becomes 
possible to the wavelength of an ultrashort pulse laser beam. Moreover, if the 
field where this multiple-photon-absorption process may happen is formed only in 
the interior of a transparent ingredient, a scribe will become possible inside a 
transparent material. Moreover, e-2 which the scribe only of the space field of 
peak light reinforcement where the multiple-photon-absorption process may 
happen becomes possible, and expresses a general condensing spot size if the 
ultrashort pulse laser beam has Gaussian distribution-spatial distribution The 
detailed scribe below width of face or half-value width is also possible. By the 



above, the scribe which does not have the surrounding crack or surrounding 
chipping by the temperature rise by thermal diffusion at the laser scribe by the 
ultrashort pulse laser beam becomes possible, and if it is wavelength transparent 
to the layered product substrate 25, a laser scribe is possible not only inside a 
front face but arbitration. The scribe which can obtain a good cleavage plane by 
this can be attained. 

[0022] Drawing 3 is drawing showing the process of the laser scribe approach by 
the exposure of an ultrashort pulse laser beam, (a) is the sectional view of the 
layered product substrate in the direction of radiation of an ultrashort pulse laser 
beam, and 31 is an ultrashort pulse laser beam, (b), (c), Drawing at the left end 
of (d) is a top view of the layered product substrate seen from the direction of 
incidence of the ultrashort pulse laser beam 31, a center is the A-A sectional 
view of a layered product substrate, and a right end is a B-B sectional view. 32 is 
the plane-of-incidence side laser scribe of the ultrashort pulse laser beam 31 , 
and 34 is a laser scribe by the side of the plane of incidence of the ultrashort 
pulse laser beam 31, and an opposite side. 

[0023] The super-** PASURU laser beam 31 is irradiated from the compound 
semiconductor laminated material 10 side of a layered product substrate. The 
wavelength of the ultrashort pulse laser beam 31 is transparent wavelength to 
the compound semiconductor laminated material 10 and the oxide single crystal 
substrate 1 . For example, in GaN which is a nitride compound semiconductor as 
compound semiconductor laminated material 10, the absorption end by the side 
of short wavelength is 360nm, and is transparent to visible and near-infrared light 
Moreover, in the case of the silicon on sapphire which is an oxide single crystal 
substrate, the absorption end by the side of short wavelength is 190nm, and is 
transparent to visible and near-infrared light. 

[0024] In drawing 3 (b), except for the stripe section including an A-A cross 
section, a scribe is performed in the direction perpendicular to the stripe section 
of the compound semiconductor laminated material 10, and a scribe 32 is 
performed until it results in the oxide single crystal substrate 1 , as shown in a B-B 
sectional view. Furthermore, in drawing 3 (c), in addition to the scribe of (b), a 
scribe 32 is performed until it results [the stripe section of the compound 
semiconductor laminated material 10 ] in the direction perpendicular to it at p 
mold contact layer 7. In addition to the scribe of (c), in drawing 3 (d), a scribe 34 
is performed to the oxide single crystal substrate 1 of an opposite side with the 
plane of incidence of the ultrashort pulse laser beam 31 to the field except the 
stripe section and the n lateral electrode 9 of the compound semiconductor 
laminated material 10 in the direction perpendicular to the SUTORAIBU section 
of the compound semiconductor laminated material 10. The cleavage which is 
the following process although the quality of a scribe does not have a difference 
in (d) from drawing 3 (b) is (d) of drawing 3 , (c), Cleavage becomes possible by 
little force in order of (b). The scribe part within a flat surface and the scribe part 
in a layered product substrate are the condensing spot locations of the ultrashort 
pulse laser beam by migration of a layered product substrate, and are performed 
to the oxide single crystal substrate 1 which is dielectric materials by doubling 
with the peak light location on the strength which can realize the multiple-photon- 
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absorption process. 

[0025] A scribe 32 and 34 are not continuation, and even when they are 
discontinuous, they are good. Moreover, it is desirable when polarization of the 
ultrashort pulse laser beam 31 is made in agreement with the direction of a 
scribe by the linearly polarized light. Furthermore, by making spatial distribution 
of the ultrashort pulse laser beam 31 into an ellipse or a rectangle in the direction 
of a scribe, the field which can carry out a scribe at once is expanded, and 
productivity can be improved. Moreover, as for the pulse width of the ultrashort 
pulse laser beam 31 , it is desirable that they are ten or less picoseconds. 
[0026] The field which shows the cleavability of the compound semiconductor 
laminated material 10 is parallel to the stripe section of the compound 
semiconductor laminated material 10, the scribe 32 it is right-angled and 
according to the exposure of ultrashort pulse laser, and 34. A circular roller, a 
cutter, etc. are applied after scribe formation and to an oxide single crystal 
substrate side, cleavage is carried out by giving stress concentration to a scribe, 
and the optical-resonator side of semiconductor laser is acquired, and it divides 
in the shape of a bar. Then, although not illustrated, a semiconductor laser 
component is produced by the previous scribe by exposure or previous diamond 
scrubber of an ultrashort pulse laser beam, and a dicer performing a scribe in the 
direction parallel to the stripe of the compound semiconductor laminated material 
10 desirably, applying a circular roller, a cutter, etc. to it after that at an oxide 
single crystal substrate side, and carrying out cleavage by giving stress 
concentration to a scribe, or performing division by the dicer. 
[0027] (Gestalt 2 of operation) Next, the gestalt 2 of operation of this invention is 
explained. Since the gestalt 2 of this operation is the same as the gestalt 1 of 
operation fundamentally, the following explanation explains only a different part 
from the gestalt 1 of operation. Drawing 4 is drawing showing the gestalt of the 
laser scribe by the exposure of an ultrashort pulse laser beam, (a) is the 
sectional view of the layered product substrate in the direction of radiation of an 
ultrashort pulse laser beam, and 31 is an ultrashort pulse laser beam, (b), (c), 
Drawing at the left end of (d) is a top view of the layered product substrate seen 
from the direction of incidence of the ultrashort pulse laser beam 31 , a center is 
the A-A sectional view of a layered product substrate, and a right end is a B-B 
sectional view. As for the plane-of-incidence side laser scribe of the ultrashort 
pulse laser beam 31 , and 33, 32 is [ the laser scribe in a layered product 
substrate and 34 ] the laser scribes by the side of the plane of incidence of the 
ultrashort pulse laser beam 31, and an opposite side. The ultrashort pulse laser 
beam 31 is irradiated from the oxide single crystal substrate 1 side of a layered 
product substrate. The wavelength of the ultrashort pulse laser beam 31 is 
transparent wavelength to the compound semiconductor laminated material 10 
and the oxide single crystal substrate 1. 

[0028] In drawing 4 (b), a scribe is performed in the direction perpendicular to the 
stripe section of the compound semiconductor laminated material 10 except the 
stripe section and the n lateral electrode 9 including an A-A cross section, and a 
scribe 34 is performed to the oxide single crystal substrate 1 which is the plane of 
incidence and the opposite side of the ultrashort pulse laser beam 31 as shown 
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in a B-B sectional view. Furthermore, in addition to the scribe 32 of (b), in 
drawing 4 (c), the internal scribe 33 is performed to the stripe section and the n 
lateral electrode 9 which include an A-A cross section in the direction 
perpendicular to the stripe section of the compound semiconductor laminated 
material 10 at the oxide single crystal substrate 1, and a buffer layer 2 and n 
mold contact layer 3. In addition to the scribe of (c), in drawing 4 (d), a scribe 32 
is performed to the oxide single crystal substrate 1 which is the plane of 
incidence of the ultrashort pulse laser beam 31 in the direction perpendicular to 
the stripe section of the compound semiconductor laminated material 10. The 
cleavage which is the following process although the quality of a scribe does not 
have a difference in (d) from drawing 4 (b) is (d) of drawing 4 , and (c), Cleavage 
becomes possible by little force in order of (b). The scribe part within a flat 
surface and the scribe part in a layered product substrate are the condensing 
spot locations of the ultrashort pulse laser beam by migration of a layered 
product substrate, and are performed to the oxide single crystal substrate 1 
which is dielectric materials by doubling with the peak light location on the 
strength which can realize the multiple-photon-absorption process. 
[0029] A scribe 32, 33, and 34 are not continuation, and even when they are 
discontinuous, they are good. Moreover, it is desirable when polarization of the 
ultrashort pulse laser beam 31 is made in agreement with the direction of a 
scribe by the linearly polarized light. Furthermore, by making spatial distribution 
of the ultrashort pulse laser beam 31 into an ellipse or a rectangle in the direction 
of a scribe, the field which can carry out a scribe at once is expanded, and 
productivity can be improved. Moreover, as for the pulse width of the ultrashort 
pulse laser beam 31 , it is desirable that they are ten or less picoseconds. 
[0030] The field which shows the cleavability of the compound semiconductor 
laminated material 10 is parallel to the stripe section of the compound 
semiconductor laminated material 10, the scribe 32 it is right-angled and 
according to the exposure of ultrashort pulse laser and 33, and 34. A circular 
roller, a cutter, etc. are applied after scribe formation and to an oxide single 
crystal substrate side, cleavage is carried out by giving stress concentration to a 
scribe, and the optical-resonator side of semiconductor laser is acquired, and it 
divides in the shape of a bar. Then, although not illustrated, a semiconductor 
laser component is produced by the previous scribe by exposure or previous 
diamond scrubber of an ultrashort pulse laser beam, and a dicer performing a 
scribe in the direction parallel to the stripe of the compound semiconductor 
laminated material 10 desirably, applying a circular roller, a cutter, etc. to it after 
that at an oxide single crystal substrate side, and carrying out cleavage by giving 
stress concentration to a scribe, or performing division by the dicer. 
[0031] (Gestalt 3 of operation) Next, the gestalt 3 of operation of this invention is 
explained. Since the gestalt 3 of this operation is the same as the gestalt 1 of 
operation fundamentally, the following explanation explains only a different part 
from the gestalt 1 of operation. Drawing 5 is drawing showing the gestalt of the 
laser scribe by the exposure of an ultrashort pulse laser beam, (a) is the 
sectional view of the layered product substrate in the direction of radiation of an 
ultrashort pulse laser beam, and 31 is an ultrashort pulse laser beam, (b), 



Drawing at the left end of (c) is a top view of the layered product substrate seen 
from the direction of incidence of the ultrashort pulse laser beam 31, a center is 
the A-A sectional view of a layered product substrate, and a right end is a B-B 
sectional view. As for the plane-of-incidence side laser scribe of the ultrashort 
pulse laser beam 31, and 33, 32 is [ the laser scribe in a layered product 
substrate and 34 ] the laser scribes by the side of the plane of incidence of the 
ultrashort pulse laser beam 31, and an opposite side. The ultrashort pulse laser 
beam 31 is irradiated from the oxide single crystal substrate 1 side of a layered 
product substrate. The wavelength of the ultrashort pulse laser beam 31 is 
transparent wavelength to the compound semiconductor laminated material 10 
and the oxide single crystal substrate 1. 

[0032] In drawing 5 (b), a scribe is performed in the direction perpendicular to the 
stripe section of the compound semiconductor laminated material 10, and as 
shown in an A-A sectional view and a B-B sectional view, the internal scribe 33 is 
performed in the oxide single crystal substrate 1 , and a buffer layer 2 and n mold 
contact layer 3. In addition to the scribe of (b), in drawing 5 (c), a scribe 32 is 
performed to the oxide single crystal substrate 1 which is the plane of incidence 
of the ultrashort pulse laser beam 31 in the direction perpendicular to the stripe 
section of the compound semiconductor laminated material 10. Although the 
quality of a scribe does not have a difference in drawing 5 (b) and (c), the 
cleavage of the cleavage which is the following process becomes possible by the 
force with less (c) of drawing 5 . The scribe part within a flat surface and the 
scribe part in a layered product substrate are the condensing spot locations of 
the ultrashort pulse laser beam by migration of a layered product substrate, and 
are performed to the oxide single crystal substrate 1 which is dielectric materials 
by doubling with the peak light location on the strength which can realize the 
multiple-photon-absorption process. 

[0033] A scribe 32, 33, and 34 are not continuation, and even when they are 
discontinuous, they are good. Moreover, it is desirable when polarization of the 
ultrashort pulse laser beam 31 is made in agreement with the direction of a 
scribe by the linearly polarized light. Furthermore, by making spatial distribution 
of the ultrashort pulse laser beam 31 into an ellipse or a rectangle in the direction 
of a scribe, the field which can carry out a scribe at once is expanded, and 
productivity can be improved. Moreover, as for the pulse width of the ultrashort 
pulse laser beam 31 , it is desirable that they are ten or less picoseconds, 
[0034] The field which shows the cleavability of the compound semiconductor 
laminated material 10 is parallel to the stripe section of the compound 
semiconductor laminated material 10, the scribe 32 it is right-angled and 
according to the exposure of ultrashort pulse laser and 33, and 34. A circular 
roller, a cutter, etc. are applied after scribe formation and to an oxide single 
crystal substrate side, cleavage is carried out by giving stress concentration to a 
scribe, and the optical-resonator side of semiconductor laser is acquired, and it 
divides in the shape of a bar. Then, although not illustrated, a semiconductor 
laser component is produced by the previous scribe by exposure or previous 
diamond scrubber of an ultrashort pulse laser beam, and a dicer performing a 
scribe in the direction parallel to the stripe of the compound semiconductor 



laminated material 10 desirably, applying a circular roller, a cutter, etc. to it after 
that at an oxide single crystal substrate side, and carrying out cleavage by giving 
stress concentration to a scribe, or performing division by the dicer. 
[0035] 

[Effect of the Invention] As opposed to the layered product substrate which 
consists of an oxide single crystal substrate and compound semiconductor 
laminated material which has a stripe-like luminescence field as mentioned 
above according to this invention In the direction perpendicular to a stripe at least, 
irradiate the ultrashort pulse laser beam of transparent wavelength to an oxide 
single crystal substrate at least, and a laser scribe is performed to a layered 
product substrate. Since it was made to carry out cleavage of the layered product 
substrate along with these laser scribe marks Generating of defects, such as a 
crack by the laser scribe and a chipping, is controlled, and the optical resonator 
which is a cleavage plane good [ without changing the property of compound 
semiconductor laminated material ] can be obtained, as a result the 
advantageous effectiveness that a product yield can be improved is acquired. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 (a) is the sectional view of the layered product substrate in the 
gestalten 1 , 2, and 3 of operation of this invention. 

(b) is the top view of the layered product substrate in the gestalten 1 , 2, and 3 of 
operation of this invention. 

[Drawing 21 The outline block diagram of the laser scribe equipment by the 

ultrashort pulse laser in the gestalten 1 , 2, and 3 of operation of this invention 

[Drawing 3] The process of the laser scribe approach by the exposure of the 

ultrashort pulse laser beam in the gestalt 1 of operation of this invention is shown, 

and (a) is the sectional view of a layered product substrate. 

(b), (c), and (d) are a top view, an A-A sectional view, and a B-B sectional view. 

[Drawing 4] The process of the laser scribe approach by the exposure of the 

ultrashort pulse laser beam in the gestalt 2 of operation of this invention is shown, 

and (a) is the sectional view of a layered product substrate. 

(b), (c), and (d) are a top view, an A-A sectional view, and a B-B sectional view. 

[Drawing 51 The process of the laser scribe approach by the exposure of the 

ultrashort pulse laser beam in the gestalt 3 of operation of this invention is shown, 

and (a) is the sectional view of a layered product substrate. 

(b) and (c) are a top view, an A-A sectional view, and a B-B sectional view. 

[Drawing 61 (a), (b), (c), and (d) are the sectional view of the compound 

semiconductor in which the process of the laser scribe approach in the 

conventional example is shown. 

[Description of Notations] 

1 Oxide Single Crystal Substrate 



2 Buffer Layer 

3 N Mold Contact Layer 

4 N Mold Cladding Layer 

5 Barrier Layer 

6 P Mold Cladding Layer 

7 P Mold Contact Layer 

8 P Lateral Electrode 

9 N Lateral Electrode 

10 Compound Semiconductor Laminated Material 

11 Direction Perpendicular to Stripe Configuration 

12 Direction Parallel to Stripe Configuration 

21 Ultrashort Pulse Laser Oscillation Machine 

22 Pulse Energy Attenuator 

23 Laser Beam Converter 

24 Laser Beam Beam Condensing Unit 

25 Layered Product Substrate 

26 Substrate Maintenance Migration Device 

31 Ultrashort Pulse Laser Beam 

32 Plane-of-lncidence Side Laser Scribe of Ultrashort Pulse Laser Beam 

33 Laser Scribe in Layered Product Substrate 

34 Laser Scribe by the side of Plane of Incidence of Ultrashort Pulse Laser Beam, 
and Opposite Side 
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